PREVIOUS workers have shown that, besides the nitrogenous polysaccharide chitin, the cuticle of insects contains high proportions of other substances, including protein. In his classical survey of the insect cuticle Odier [1823] recognized five general categories of substances in the elytra of cockehafers and other insects; an inert substance, which he proposed to call chitin, pigments, fatty material, albuminous substance and mineral components. Of these the chitin proper formed the skeletal structure and was, in the cases investigated, impregnated with large quantities of brown-pigmented protein removable by heating with potash. This was overlain by a thin layer of fat-soluble material often containing brightly coloured pigments.
in the general structure. They showed that 60 % of the dry weight of the larval cuticle of Sarcophaga and 47 % of the puparium is chitin. In both cases the nonchitin material has the typically high N content of protein.
Apart from its academic interest the insect cuticle has been studied in the present work with a view to contributing to the elucidation of certain physiological problems. These are concerned with its permeability as a membrane and in particular with the penetration of a large group of insecticidal agents which are known to act through the cuticle.
It has now been possible .to characterize the proteins of the larval cuticle of Sarcophaga; the first is water-and borate-soluble, the second is extracted from the residue by 5 % NaOH and contains carbohydrate. Similar fractions have been prepared from the hawk moth (Sphinx ligUstri) and a water-soluble protein from 'the cuticle of the lobster (Homarus). Certain specific differences in the compositions of the proteins from the three sources have been noted. It appears that the hard melanized protein of the puparium of Sarcophaga is similar to the soluble protein of the larval cuticle, and leads to agreement with the view that the correlated hardening and darkening of the puparium is due to the tanning of the protein-chitin complex by diphenolic and quinonoid substances derived from tyrosine.
EXPERIMENTAL Preparation of proteins for analysis
The skins were prepared by the method of Fraenkel & Rudall [1940] except where otherwise stated. The majority of them were very kindly provided by\Dr [1936] , Elson & Morgan [1933] .
The N distribution in the proteins was determined by a modification of Thimann's [1926] method for the determination of the Hausmann number. Humin was neglected and accurate ammonia values were determined on separate hydrolysates of about 50mg. protein. These were brought to pH 6-7 with NaOH, using bromothymol blue as indicator, transferred to a micro-Kjeldahl distillation apparatus and the ammonia distilled from an excess of borax solution into standard acid in the usual way. The ammonia-free hydrolysates for base determination were reduced to 10 ml., acidified and precipitated with phosphotungstic acid according to Thimann's procedure. The phosphotungstic acid was removed from both the base and monoamino-acid fractions by extraction with an amyl alcohol-ethyl alcohol-ether mixture according to Van Slyke [1915] . The removal of the phosphotungstic acid facilitated incineration for N determinations and comparison of the N distribution of edestin determined by this nethod with and without the removal of the phosphotungstic acid showed that a negligible quantity of N was lost during the extraction. The amino-N and hence the nonamino-N of the monoamino fraction was determined by the -usual Van Slyke constant volume gasometric method. True amide-N values were determined by heating about 50 mg. protein with 5 ml. 2N HCI for 3 hr. on a boiling water bath and estimating the ammonia produced as in the previous determination.
Glycine was determined by Patton's [1935] colorimetric method, using 300-500 mg. protein instead of the 3 g. employed by that author, the amounts of reagents employed being reduced accordingly. Good values were obtained for duplicate analyses of gelatin-(23-8 and 24-6 %).
Tyrosine and tryptophan in the proteins of the whole cuticle were determined by Lugg's [1937] method, with minor modifications. The chitin residues after alkaline hydrolysis in the usual way were thoroughly washed with hot water and finally with dilute H2SO4 to remove the persistently adhering alkaline hydrolysate. The large bulk of washings and hydrolysate was then reduced to a small volume in vacuo and finally made up to 25 ml. The employment of Lugg's [1938, 1] alkaline stannite reducing reagent gave no marked difference in the tyrosine value obtained. The possible effect of chitin on the estimation of the two amino-acids was investigated by adding chitin to casein in the proportions in which it occurs in the cuticles under investigation. The effect was negligible as shown by Table 1 . To determine sulphate the hydrolysates were adjusted and precipitated according to the standard methods of quantitative inorganic analysis. They were checked by precipitation with benzidine hydrochloride [Cole, 1933] .
The proteins of the whole cuticle Analytical data for the various intact Arthropod cuticles, the residues obtained from them by extraction for 30 hr. with borate buffer at 50°, and the residues obtained from these by further extraction with 5 % NaOH for 5 hr. at 500, are given in Tables 2-4 . In all cases the borate buffer extracted a protein having general properties similar to the product obtained from Sarcophaga larval cuticle, though the amount obtained from Dixippus and locust was small. The reagent, however, has left a large proportion of the carbohydrate and of the Scontaining component intact. The data given in Table 5 are almost identical with those obtained from the residues of both Sarcophaga larval cuticle and puparia after extraction with 5 % NaOH for 2 days at 100°, or after prolonged Ash 0-56 diaphanol treatment [Fraenkel & Rudall, 1940] . All the residues still contain about 0-8 % of material giving the orcin reaction for carbohydrate, and this is not removed by more prolonged treatment with any of the reagents concerned.
The borate-and water-soluble proteins The proteins of Sarcophaga. The observations of Fraenkel & Rudall [1940] on the general precipitation properties of this protein were confirmed and extended; in addition it was found that these properties were shared by all the borate-and water-soluble proteins prepared from other insects. The protein is extremely soluble in water, and is not coagulated by heat. It is precipitated from solution completely by 10% trichloroacetic acid and also at pH 3-4, but not at higher values, by one-third saturation with (NH4)2SO4 and saturatim with NaCl.
Many volumes of alcohol and of acetone are required to precipitate it from either acid or alkaline solution. Wet trichloroacetic acid precipitates will gel in alcohol or acetone, but water gels similar to those of gelatin have not been observed. t Strauch [1909] .
Hexosamine as
TryptoglucosTyrosine phan Glycine-amine Chemically the protein exhibits weak biuret and xanthoproteic reactions similar to those given by gelatin. Tests for carbohydrate, P, S, and for aminosugars by the methods of Elson & Morgan [1933] and Nilson [1936] were negative. The product obtained by ice-cold water extraction of the living skin gives the same reactions; it is unlikely therefore to be the degradation product of a coagulable protein, though certain of its physical properties and the absence of S do, it is true, suggest a similarity to gelatin. The analytical data given in Tables 5 and 6 however do not bear out such a relationship; the glycine content is low, as also must be the proline content (non-amino-N, Table 5 ). The data are, indeed, more in keeping with the suggestion that the Arthropod cuticular proteins are akin to sericin (silk gelatin), but again the analogy must not be pressed too far, for they do not contain the very high proportion of serine that is characteristic of the latter protein. The data for threonine-N, and for fl-hydroxyoc-amino-N given in Table 7 were obtained by the indirect method of Martin & Synge [1941] . The difference between the two values for any one protein probably represents serine-N, and the high content recorded for each of the two samples of sericin confirms the recent findings of Nicolet & Saidel [1941] . It should be noted that the products referred to as sericin 1 and 2 in Table 7 were not prepared in the same way as the A and B of Ito & Komori [1937] . 1, was more soluble in water than 2, whereas B was precipitated by acid at pH 4-1 and A by adding alcohol to the mother liquor.
The protein of the hawk moth, Sphinx ligustri A protein similar in physical and certain chemical properties to that of Sarcophaga was obtained from the larval cuticle of this insect. It exhibited certain marked and also certain less pronounced differences however; the tyrosine content, for instance, was extremely high. Two products made from different broods of larvae gave identical analytical data with the exception of total S, and the variations here may be due to the method of preparation. In the first the protein was precipitated from the borate extract by one-third saturation with (NH4)2SO4 at pH 3-4: in the second the reagents employed were S-free and the precipitation was carried out at pH 3-4 with saturated NaCl. The high S content of preparation 1 therefore may have been due to retention of sulphate ions though one would have expected these to have been removed by the subsequent dialysis. Clark & Smith [1936] showed that pure chitin is readily dispersed at 950 in aqueous LiCNS previously saturated at 600. Von Weinarm [1912] showed that proteins like keratins and silk fibroin were not dispersed by this reagent until very high concentrations of LiCNS and a temperature of 1700 had been reached.
Experiments with the.puparia showed them' to be similar to the latter substances in their dispersal properties. The dispersed product was partially reprecipitable with acetone after the removal of LiCNS by dialysis. However, the precipitated product and that remaining in solution both had a total N of about 11 %, the same as the untreated material; consequently it appears that no effective separation of the protein and chitin had been obtained.
No further attempts to separate the protein from the chitin were made, but work was continued on partial hydrolysates of the whole skin. 5 % HCI and 5 % NaOH remove the protein by hydrolysis on heating to 1000 for 48 hr.
whereas the chitin is unaffected and can be filtered off so as to permit the hydrolysis of the protein being taken to completion in the usual way. Chitin residues obtained by this treatment contained 6-3-65% N (purified chitin 6'9 % N) and are comparable with products obtained by much milder treatment.
As shown in Table 5 a fully hydrolysed 5 % HCI extract of Sarcophaga puparia has a N distribution comparable with that of a similar extract from the larval cuticle and of the protein isolated from it by borate. Chemtcal changes on pupation There was a decrease in the amount of tyrosine from 3-5 to 2 0% in the cuticles of a brood of Sarcophaga on pupation. Previous experiments had shown that chitin has no effect on the estimation of the tyrosine in casein; consequently it is unlikely that it had any upon the determinations with the cuticle protein.
A comparison of prepupae and pupae from the same brood shows that there is a corresponding decrease in the total tyrosine in the whole organism, from 1P70 to 0-87%.
There is little doubt that much of the lost tyrosine, part of which must have come from the protein in the cuticle, has been oxidized to form pigmented products. That the oxidation has proceeded as far as the melanin stage is shown by the fact that the tyrosine value for the puparia is not increased if the extraction is made with alkaline stannite [Lugg, 1938, 2] . The stannite reduces the whole of the dark brown pigments, giving a clear, golden-yellow hydrolysate and an almost colourless chitin residue. On exposure to the air the hydrolysate rapidly resumes a dark brown colour indistinguishable from that of the normal alkalihydrolysed puparia, showing that the pigment (melanin) is an oxidation product of a precursor held reduced by the action of the stannite. This oxidation is retarded but not completely inhibited if the reduced solution is acidified. Ether will'extract from the reduced and acidified solutinn a small proportion of this easily oxidized material, which is in turn extracted from the ether by an alkallne solution, and in the latter state gives Arnow's [1937] characteristic reaction for dihydric phenols. The bulk of the reduced pigment remains in the original aqueous acid phase, from which it may be sharply and completely separated by extraction with amyl alcohol. Butyl alcohol was also found to have similar powers of extraction although amyl alcohol gave a better separation. The fresh amyl alcohol extracts are red but gradually turn brown on contact with the air. No reduced pigment can be extracted directly from the alkaline stannite hydro-109.5 lysate and if the amyl alcohol extract from the acidified solution is removed and treated with alkaline solutions the colour changes to a light olive-brown and the pigment passes into the aqueous phase once more. The brown pigment extracted by acid hydrolysis of the puparia is also insoluble in amyl alcohol. Mazza & Stolfi [1931] extracted from the skin of the marine worm Halla parthenopea a red pigment, hallachrome, which was reversibly oxidized and reduced (see also Friedheim [1933] ) and had similar amyl alcohol solubility properties to the above reduced pigments. They showed that it was the 5:6-quinone of dihydroindole-2-carboxylic acid, previously shown by Raper [1926] to be the red intermediate in the oxidation of tyrosine to melanin under the action of tyrosinase. Schmalfuss and co-workers [1927; 1933; 1935; 1937] have isolated 'dopa' and 3:4-dihydroxyphenylacetic acid from the hard, dark cuticles of certain insects. The above evidence suggests that a small proportion of the tyrosine derivatives in the puparium may be in the form of such dihydric phenols but that the majority of them are probably indole derivatives similar to hallachrome. Further, it is likely that they are formed by polyphenol oxidase in the cuticle, for Bhagvat & Richter [1938] have shown that the enzyme is present in high activity in the unmelanized skins of certain insects.
A few further experiments were made on the amino-acid content of the puparium protein. 3*4 g. of puparia were boiled under reflux with 20 ml. of 5N HC1 for 24 hr. and cooled; the residual chiti-n was filtered off and washed with water. The filtrate and washings. were reduced to a small volume, made up to 20 ml. with 20 % HCI and boiled under reflux for a further 24 hr. Excess HCI was then removed by evaporation in the usual way and the dicarboxylic acids precipitated according to Foreman [1914] . The residual lime carried down the melanin pigments and the humin, and clean extracts were obtained, from both the dicarboxtylic acid precipitate and the filtrate, on removing the Ca++ as oxalate. From the former 52 mg. of glutamic acid hydrochloride (N = 7-62 %) and 36 mg. copper aspartate (C4H5A4NCu, 4-5H20 requires H20, 29.2%; the anhydrous salt N, 7-2 %: found 29-2% and 7-1 % respectively). Repeated esterification of the clarified Foreman filtrate and saturation with gaseous HCI at low temperature failed to give any glycine ester hydrochloride. From the experience of Fischer [1902] and later workers it may be concluded that the puparium protein does not contain more than a few per cent of glycine.
DISCUSSION
It will be seen that the amino-acid analyses of various Arthropod cuticles, though somewhat limited in scope on account of shortage of material, have shown that the constituent proteins differ from the collagens such as gelatin and are in certain respects akin to sericin. There is, for instance, general agreement in the values for amide-N, basic N, non-amino-N, tyrosine and tryptophan, and in the absence of cystine and methionine. On the other hand there is a sharp differentiation in the high serine content of sericin.
More interesting perhaps is the analogy that can be drawn between the insect cuticle and the sericin-fibroin complex of raw silk. The micro-crystalline skeletons of the two complexes are crystallographically comparable in some respects. The fibroin skeleton of silk differs from the majority of proteins in the predominance of the simple amino-acids glycine and alanine (glycine 43-8 %, alanine 26-4% [Bergmann & Niemann, 1937] ) and as Meyer & Mark [1930] have indicated, it is also structurally anomalous among protein fRbres in that its X-ray diffraction photographs may be interpreted directly on the assumption that the chain is A. R.-TRIM composed of alternating glycine and alanine residues. In this sense fibroin is the only protein directly comparable with cellulose and chitin.
Silk is secreted by glands derived from the epidermal layer, as are the cells of the hypodermis which secretes the cuticle. Foa [1912] has shown that unsecreted silk in the seripterium of the silk-worm larva is a homogeneous substance soluble in boiling water, 5-20 o NaCl and 5-10 % Na2CO3, non-dialysable and non-heatcoagulable. Silk therefore must be formed on spinning by crystallization of fibroin within a sericin matrix. Ramsden [1938] has suggested a mechanism for this process. It is possible that chitin crystallizes in a similar way from a homogeneous fluid polysaceharide-protein complex secreted by the hypodermis, in other words, that the cuticle is preceded by a stage comparable with the known mueopolysaccharide-protein salts.
According to Meyer [1938] the mucopolysaccharide of synovial fluiid may be spun to produce a material comparable with chitin in some of its physical properties. It is composed of long, doubly refracting fibres of considerable tensile strength. Alsberg & Hedblom [1909] , moreover, have shown that chitin may be redispersed after prolonged treatment with dilute HC1 in the cold to give a water-soluble form comparable with a soluble mucopolysaccharide. A fiurther similarity between the vertebrate tissues in which mucoproteins occur and the chitin-protein complexes of invertebrates is the fact that they are both selectively calcified.
SUMMARY
Protein, carbohydrate and a sulphur-containing component have been shown to be present in the cuticles of a variety of insects.
The protein fractions are usually large and when extracted show similar general properties.
The protein of the larval cuticle of Sarcophaga falculata was characterized by the determination of its nitrogen distribution, tyrosine, tryptophan, glycine and /-hydroxy-a-amino-acid values. Sulphur and conjugated non-protein components were absent. The data showed that the protein was quite distinct from collagen in its chemical composition and that it bears a close reseinblance to sericin, although the characteristically high serine content of the latter was not recorded for the cuticle protein.
Similar proteins from the hawk moth larva Sphinx ligustri and the lobster were characterized in the same way. Certain marked differences from the blowfly protein were recorded in each case. The tvrosine value of 11-7 % of the weight in the case of the hawk moth protein is remarkably high.
The protein of the hard, melanized puparium of Sarcophaga appeared to differ from the larval protein mainly in a loss of solubility and the replacement of a proportion of its tyrosine by melanoid oxidation products. These latter were reduced, extracted and shown to have some of the properties of hallachrome.
The possible formnation of chitin from a homogeneous fluid polysaccharideprotein complex secreted by the hypodermis is briefly discussed.
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